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RECOMBINANT MICROORGANISM 
COMPRISING INACTIVATION OF THE APRX 

GENE 

FIELD OF THE INVENTION 

The present invention relates to a microorganism used for 
producing a useful protein or polypeptide and a method for 
producing the protein or polypeptide. 

BACKGROUND OF THE INVENTION 

The industrial production using microorganisms is carried 
out for Wide-ranging kinds of useful substances such as 
amino acids, organic acids, nucleic acid related compounds, 
antibiotics, carbohydrates, lipids, and proteins as Well as alco 
holic beverages and foods (e.g., miso (fermented soy paste) 
and shoyu (soy sauce)). The use of these substances is spread 
ing into the Wide ?eld ranging from foods, pharmaceuticals, 
and commodities (e.g., detergents and cosmetics) to various 
chemical raW materials. 

Improving productivity is one of important challenges for 
the industrial production of useful substances using microor 
ganisms, and as a procedure therefor there has been per 
formed the breeding of producing microorganisms by genetic 
techniques such as mutation. A producing microorganism 
has, particularly recently, come to be more ef?ciently bred 
using a recombinant DNA technology or the like oWing to the 
development in microbial genetics and biotechnology, and 
the development of host microorganisms for gene recombi 
nation is under Way. By Way of example, there has been 
developed a strain obtained by further improving a microbial 
strain recogniZed as safe and good as a host microorganism, 
such as the Bacillus sublilis strain Marburg No. 168. 

HoWever, a microorganism originally has a Wide variety of 
gene groups for accommodating itself to environmental 
changes in nature. Thus, the use thereof has not necessarily 
been ef?cient in the industrial production of a protein or the 
like, Which employs limited production media. In particular, 
the microorganism has many types of proteolytic enZymes for 
degrading proteins to utiliZe them as nitrogen and carbon 
sources. These enZymes degrade a desired protein or the like, 
Which has constituted a great barrier to the production of a 
foreign protein or the like. 

Attempts have been made from long time ago to delete 
genes of these proteolytic enZymes (protease, peptidase, etc.) 
to prevent the degradation of desired proteins produced. Par 
ticularly for Bacillus sublilis, there have been reported, for 
example, a strain containing deletion of a gene encoding the 
major extracellular alkaline protease AprE or the neutral pro 
tease NprE or deletion of both of these genes (see Non-Patent 
Documents 1, 2, and 3), strains containing deletion of some of 
total 8 types of genes for extracellular and cell Wall-bound 
proteases and peptidases (see Table 1 to be described later), 
and a strain containing deletion of all of the 8 genes for the 
proteases and peptidases (see Non-Patent Document 4). 
HoWever, it has been demonstrated by an analysis or like by 
the present inventors that a proteolytic enZyme activity Was 
still observed in a culture solution even of the microbial strain 
containing deletion of these 8 types of proteolytic enZyme 
genes, indicating the induction of degradation of a desired 
protein. Thus, there has been a need for identi?cation of a 
causative proteolytic enZyme and a gene thereof. 

The Bacillus sublilis aprX gene has been presumptively 
reported to encode AprX, an intracellular serine protease (see 
Non-Patent Document 5). HoWever, it has not been reported 
at all that the AprX is present in a medium to degrade useful 
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2 
enZymes or proteins during the secretory production of these 
enZymes or proteins to reduce the yield thereof. 

[Patent Document 1] Japanese Patent No. 288909 
[Patent Document 2] Japanese Patent No. 3210315 
[Patent Document 3] JP-A-2001-527401 
[Non-Patent Document 1] J. Bacteriol., 158: 411 (1984) 
[Non-Patent Document 2] J. Bacteriol., 160: 15 (1984) 
[Non-Patent Document 3] J. Bacteriol., 160: 442 (1984) 
[Non-Patent Document 4] Appl. Environ. Microbiol., 68: 

3261 (2002) 
[Non-Patent Document 5] Microbiology, 145: 3121-3127 

(1 999) 

DISCLOSURE OF THE INVENTION 

The present invention provides a recombinant microorgan 
ism obtained by introducing into a ho st microorganism a gene 
encoding a heterologous protein or polypeptide, 

Wherein in said host microorganism the Bacillus sublilis 
aprX gene or a gene corresponding to the aprX gene has been 
deleted or knocked out. 
The present invention also provides a method for produc 

ing a protein or polypeptide using the recombinant microor 
ganism. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram shoWing the method of 
preparing a DNA fragment for introducing gene deletion by 
SOE-PCR and deleting a target gene (replaced by a drug 
resistance gene) using the DNA fragment; 

FIG. 2 is a schematic diagram showing the method of 
preparing a DNA fragment for gene deletion by SOE-PCR, 
constructing a plasmid for introducing gene deletion using 
the DNA fragment, and deleting a target gene employing the 
plasmid; 

FIG. 3 is a set of photographs shoWing the results of exam 
ining protease activities in the culture supernatant fractions of 
an aprX gene-deleted strain and a protease genes nonuple 
deleted strain (strain Kao 9) and, as controls, of the Wild-type 
Bacillus sublilis strain 168 and a protease genes octuple 
deleted strain (strain Kao 8), using protease Zymograms; 

FIG. 4 is a set of photographs shoWing the results of exam 
ining the production of an amylase-PreS2 fusion protein in a 
protease genes nonuple-deleted strain (strain Kao 9) and, as a 
control, in a protease genes octuple-deleted strain (strain Kao 
8), by Western blotting using anti-PreS2 antibody; and 

FIG. 5 is a set of photographs shoWing the results of exam 
ining the production of an amylase-PreS2 fusion protein in a 
protease genes triple-deleted strain (strain Kao 3) and, as a 
control, in the Wild-type Bacillus sublilis strain 168, by West 
ern blotting using anti-PreS2 antibody. 

MODE FOR CARRYING OUT THE INVENTION 

The present invention provides a recombinant microorgan 
ism obtained by preparing a host microorganism enabling the 
productivity of a protein or polypeptide to be enhanced par 
ticularly by the reduction of the production of a proteolytic 
enZyme and introducing a gene encoding a protein or 
polypeptide into the host microorganism. The present inven 
tion also provides a method for producing a protein or 
polypeptide using the recombinant microorganism. 
The present inventors have searched for a proteolytic 

enZyme unnecessarily or har'mfully acting When a useful pro 
tein or polypeptide is produced using a microorganism, and 
have found that AprX, a putative intracellular serine protease 
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of Bacillus subtilis, is present in a medium to degrade useful 
enzymes or proteins during the secretory production of these 
enZymes or proteins to reduce the yield thereof. Then, it has 
been found that a microbial strain containing deletion or 
inactivation of the Bacillus subtilis aprX gene can be used as 
a host microorganism to greatly prevent the degradation of a 
useful foreign enZyme or protein, enabling ef?cient produc 
tion of the enZyme or protein. 
Use of the recombinant microorganism of the present 

invention can prevent the degradation of a desired protein or 
polypeptide and enables the protein or polypeptide to be 
e?iciently produced on a large scale. 

According to the present invention, the identity of amino 
acid and base sequences is calculated using the Lipman 
Pearson method (Science, 227: 1435 (1985)). More speci? 
cally, the identity is calculated by analysis using the search 
homology program of the genetic information processing 
softWare Genetyx-Win (from Software Development) and 
setting Unit SiZe to Compare (ktup):2. 
The host microorganism for constructing the microorgan 

ism of the invention (hereinafter also referred to as “parent 
microorganism”) desirably has the Bacillus subtilis aprX 
gene (Gene Number: BG12567 in Nature, 390: 249-256 
(1997) and Japan Functional Analysis Network for Bacillus 
subtilis (BSORF DB, bacillus.genome.ad.jp, updated: Jun. 
17, 2003) or a gene corresponding to the aprX gene, and these 
genes may also be Wild-type or mutated-type ones. Speci?c 
examples thereof include bacteria of the genus Bacillus such 
as Bacillus subtilis, those of the genus Closlridium, and 
yeasts; among these, bacteria of the genus Bacillus are pref 
erable. In addition, Bacillus subtilis is preferable in that the 
Whole genome information thereof has been revealed and a 
genetic or genomic engineering technique has been estab 
lished thereon and in that the bacterium is capable of extra 
cellular secretory production of proteins. 

The gene to be deleted or inactivated in the present inven 
tion is the aprX gene, Which has been presumptively reported 
to encode the intracellular serine protease AprX (Microbiol 
ogy, 145: 3121 (1999); Gene Number: BG12567 (Nature, 
390: 249-256 (1997); JAFAN: Japan Functional Analysis 
NetWork for Bacillus subtilis (BSORF DB, bacillus.genom 
e.ad.jp, updated: Jun. 17, 2003), or a gene corresponding to 
the aprX gene. 

Examples of the gene corresponding to the aprX gene 
include a gene derived from a microorganism other than 
Bacillus subtilis, preferably from a bacterium of the genus 
Bacillus, having the same function as the aprX gene of Bacil 
lus subtilis or having a nucleotide sequence identity of 70% or 
more, preferably 80% or more, more preferably 90% or more, 
still more preferably 95% or more, yet still more preferably 
98% or more With the aprX gene. Speci?c examples thereof 
include the BH1930 gene (aprX gene) of Bacillus halodurans 
and the OB2375 gene of Oceanobacillus iheyensis. 

The object of the present invention can be also achieved by 
inactivating a target gene using a method involving, for 
example, inserting into the above-described gene a different 
DNA fragment or subjecting to mutation the transcription/ 
translation initiation control region of the gene; hoWever, a 
method involving physically deleting the target gene is more 
preferable. 
As genes to be deleted or inactivated, one or more genes 

encoding other proteases knoWn to be extracellularly secreted 
or to be binding to the cell surface may be also deleted in 
combination With the aprX gene or a gene corresponding to 
the aprX gene. In addition, the microorganism of the present 
invention can also be constructed by the combination of dele 
tion or inactivation of genes for intracellular proteases or 
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4 
other genes, Which is expected to have a greater effect on the 
enhancement of productivity. In Table 1 are described genes 
encoding proteases extracellularly secreted or binding to the 
cell surface other than the Bacillus subtilis aprX gene or a 
gene corresponding to the aprX gene, Which are each deleted 
or inactivated in combination With the aprX gene or a gene 
corresponding to the aprX gene to expect the effect. Here, in 
addition to the aprX gene, preferably deleted or inactivated is 
at least one gene selected from the aprE, nprB, nprE, bpr, vpr, 
mpr, epr and WprA genes or from 9 types of genes corre 
sponding to these genes. More preferably deleted or inacti 
vated are the aprE and nprE genes encoding the major extra 
cellular alkaline proteaseAprE and the neutral protease NprE, 
respectively, as Well as the aprX gene, or 3 types of genes 
corresponding to these genes. Particularly preferably deleted 
or inactivated are all of the aprE, nprB, nprE, bpr, vpr, mpr, 
epr and WprA genes as Well as the aprX gene, or 9 types of 
genes corresponding to these genes. 

TABLE 1 

Gene Gene 
name number Gene function and others 

aprE BG10190 Serine alkaline protease (subtilisin E) 
nprB BG10691 Extracellular neutral protease B 
nprE BG10448 Extracellular neutral metal protease 
mpr BG10690 Extracellular metal protease 
bpr BG10233 Bacillopeptidase F 
epr BG10561 Minor extracellular serine protease 
vpr BG10591 Minor extracellular serine protease 
WprA BG11846 Cell Wall-bound protease precursor 

Desired genes may be deleted or inactivated not only by a 
method involving deleting or inactivating, by design, the 
aprX gene or a gene corresponding to the aprX gene and 
further a protease gene shoWn in Table 1 but also by a method 
involving subjecting these genes to random deletion or inac 
tivating mutation, folloWed by performing evaluation of pro 
tein productivity and gene analysis using suitable means. 

For deletion or inactivation of a target gene, a method using 
homologous recombination may be employed, for example. 
Speci?cally, by a method such as PCR, there is constructed a 
target gene into Which an inactivating mutation is introduced 
by base substitution, base insertion or the like, a linear DNA 
fragment containing the outside regions of a target gene but 
not a target gene, or the like. The construct can be then taken 
up in the cell of a parent microorganism to cause homologous 
recombination With tWo crossovers in the tWo outside regions 
of a target gene mutation site in the genome of the parent 
microorganism or in the tWo outside regions of a target gene 
therein to replace the target gene on the genome With the 
target gene-deleted or -inactivated DNA fragment. Altema 
tively, a DNA fragment containing a portion of a target gene 
can be cloned in a suitable plasmid, folloWed by taking up the 
resultant cyclic recombinant plasmid in the cell of a parent 
microorganism to interrupt a target gene on the genome of the 
parent microorganism by homologous recombination in the 
partial region of the target gene for inactivation of the target 
gene on the genome. 

There have already been reported several methods for 
deleting or inactivating a target gene by homologous recom 
bination (Mol. Gen. Genet., 223: 268 (1990) and so on), 
Which can be used particularly When Bacillus subtilis is 
employed as a parent microorganism for constructing the 
microorganism of the present invention. These methods can 
be each repeated to provide the microorganism of the present 
invention. 
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The random gene deletion or inactivation can also be car 
ried out, for example, by a method involving inducing 
homologous recombination similar to that described in the 
above-described method using randomly cloned DNA frag 
ments or by a method involving irradiating a parent microor 
ganism With y-rays or the like. 
A deletion method by double crossing-over is more spe 

ci?cally described beloW Which uses a DNA fragment for 
introduction of deletion prepared by the SOE (splicing by 
overlap extension) -PCR method (Gene, 77: 61 (1989)). HoW 
ever, the gene-deletion method according to the present 
invention is not intended to be limited to the folloWing. 

The DNA fragment for introduction of deletion used in this 
method is a fragment in Which a drug resistance marker gene 
fragment is inserted betWeen an about 0.2 to 3 kb fragment 
adjacent upstream of a gene to be deleted and an about 0.2 to 
3 kb fragment adjacent doWnstream thereof. Three fragments, 
i.e., the fragments up stream and doWnstream of the gene to be 
deleted and the drug resistance marker gene fragment, are 
?rst prepared by a ?rst round of PCR. Here, primers used have 
been designed so that a 10- to 30-base-pair upstream 
sequence of the drug resistance marker gene is added to the 
doWnstream end of the above up stream fragment, While a 10 
to 30-base-pair doWnstream sequence of the marker gene is 
added to the up stream end of the above doWnstream fragment 

(FIG. 1). 
The three types of PCR fragments prepared in the ?rst 

round are used as templates to perform a second round of PCR 
employing a primer for the upstream side of the upstream 
fragment and a primer for the doWnstream side of the doWn 
stream fragment to produce the addition of the drug resistance 
marker gene sequence to the doWnstream end of the up stream 
fragment and the up stream end of the doWnstream fragment. 
Here, the annealing to the drug resistance marker gene frag 
ment occurs, and PCR ampli?cation can provide a DNA 
fragment in Which the drug resistance marker gene is inserted 
betWeen the upstream and doWnstream fragments (FIG. 1). 
When a spectinomycin resistance gene is used as the drug 

resistance marker gene, SOE-PCR is performed using, for 
example, a set of primers as shoWn in Table 2, suitable tem 
plate DNAs, a common enZyme kit for PCR such as Pyrobest 
DNA Polymerase (from Takara ShuZo), and the like under 
typical conditions as described in texts (PCR Protocols. Cur 
rent Methods and Applications, Edited by B. A. White, 
Humana Press, pp 251 (1993), Gene, 77: 61 (1989) and so on) 
to provide a DNA fragment for introducing a deletion of each 
gene. 

When the DNA fragment for introducing deletion thus 
obtained is introduced into cells by a competent cell transfor 
mation method (J. Bacteriol. 93: 1925 (1967)) or the like, 
intracellular genetic recombination occurs in homologous 
regions upstream and doWnstream of a gene to be deleted, 
having identity thereto; the resultant cells in Which the target 
gene has been replaced With the drug resistance gene can be 
isolated by selection With the drug resistance marker (FIG. 1). 
Speci?cally, When the DNA fragment for introducing dele 
tion prepared using a set of primers as shoWn in Table 2 has 
been introduced, a colony may be isolated Which groWs on an 
agar medium containing spectinomycin, folloWed by con 
?rming, for example, by a PCR method using the genome as 
a template, that the desired gene has been replaced With the 
spectinomycin resistance gene. 
As the method for deleting a protease gene containing the 

aprX gene or a gene corresponding to the aprX gene accord 
ing to the present invention, there may be also used a 2-stage 
single-crossover method employing a plasmid for introduc 
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6 
ing deletion into Which a DNA fragment for introducing 
deletion prepared by the SOE-PCR method is inserted. The 
method is described beloW. 
The DNA fragment for introduction of deletion used in this 

method is a DNA fragment in Which an about 0.2 to 3 kb 
fragment adjacent to upstream of a gene to be deleted is linked 
to an about 0.2 to 3 kb fragment adjacent to doWnstream 
thereof. A DNA fragment may be also used in Which a drug 
resistance marker gene fragment such as a chloramphenicol 
resistance gene is linked doWnstream or upstream of the 
above DNA fragment. Three fragments, i.e., the fragments 
upstream and doWnstream of the gene to be deleted and, if 
necessary, the drug resistance marker gene fragment, are ?rst 
prepared by a ?rst round of PCR. Here, primers to each of 
Which a sequence of terminal 10 to 30 base pairs of the DNA 
fragment to be attached is added is used. By Way of example, 
When the upstream and doWnstream fragments and the drug 
resistance marker gene fragment are linked together, primers 
Which have been designed so that a 10- to 30-base-pair 
upstream sequence of the doWnstream fragment is added to 
the doWnstream end of the upstream fragment and a 10- to 
30-base-pair upstream sequence of the marker gene fragment 
to the doWnstream end of the doWnstream fragment may be 
used (FIG. 2). 
The PCR fragments prepared in the ?rst round can be then 

mixed and used as templates to perform a second round of 
PCR employing a pair of primers capable of forming the most 
upstream side and the most doWnstream side in a desired 
linked fragment to prepare the desired DNA fragment for 
introducing deletion. By Way of speci?c example, When the 
upstream and doWnstream fragments and the drug resistance 
marker gene fragment are linked together, a second round of 
PCR is performed using a primer for the upstream side of the 
upstream fragment and a primer for the doWnstream side of 
the drug resistance marker gene fragment. Here, annealing 
occurs betWeen the doWnstream fragment added to the doWn 
stream end of the up stream fragment and a sequence homolo 
gous thereto and betWeen the drug resistance marker gene 
fragment added to the doWnstream end of the doWnstream 
fragment and a sequence homologous thereto, folloWed by 
PCR ampli?cation to provide a DNA fragment for introduc 
ing deletion in Which the upstream and doWnstream frag 
ments and the drug resistance marker gene fragment are 
linked together (FIG. 2). 
The DNA fragment for introducing deletion obtained by 

the above method or the like is further inserted, using a 
conventional restriction enZyme and DNA ligase, into a plas 
mid DNA not ampli?ed in host cells or a readily removable 
plasmid DNA such as a temperature sensitive plasmid to 
construct a plasmid for introducing deletion. Non-limiting 
examples of the plasmid DNA not ampli?ed in the host cell 
include pUC18, pUC118, and pBR322, for example, When 
Bacillus sublilis is used as a host. 

Subsequently, host cells are transformed With the plasmid 
for introducing deletion using a competent cell transforma 
tion method (J. Bacteriol. 93: 1925 (1967)) or the like to 
provide a transformant in Which the plasmid is fused into the 
host cell genome DNA, through single crossover-mediated 
homologous recombination betWeen the upstream or doWn 
stream fragment inserted into the plasmid and a homologous 
region on the genome (FIG. 2). The transformant may be 
selectedusing as an indication drug resistance due to a marker 
gene such as a chloramphenicol resistance gene in the plas 
mid for introducing deletion. 
On the genome of the transformant thus obtained, there 

exists, in duplicate, the sequences of regions upstream and 
doWnstream of a gene to be deleted such as the aprX gene or 
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a gene corresponding to the aprX gene derived from the host 
genome and the plasmid for introducing deletion. Intrage 
nomic homologous recombination is caused betWeen the 
up stream or doWnstream regions in an area different from that 
in Which homologous recombination has been made in 
acquiring the transformant to produce the deletion of a target 
gene to be deleted such as the aprX gene and a gene corre 
sponding to the aprX gene as Well as a region derived from the 
plasmid for introducing deletion, containing the drug resis 
tance marker gene (FIG. 2). Methods for causing the intrage 
nomic homologous recombination include, for example, a 
method involving inducing competence (J. Bacteriol. 93: 
1925 (1967)); hoWever, the homologous recombination spon 
taneously occurs even simply during culture in a conventional 
medium. A strain in Which the intragenomic homologous 
recombination has been caused as intended undergoes the 
simultaneous deletion of the drug resistance marker gene to 
lose the ability to resist the drug; thus, the strain can be 
selected from strains having become drug-sensitive. A 
genomic DNA may be extracted from the strain, folloWed by 
identifying the deletion of the desired gene using a PCR 
method or the like. 

In selecting the desired deletion strain, it is dif?cult to 
directly select a strain having changed from a drug-resistant 
strain into a drug-sensitive one because intragenomic 
homologous recombination probably occurs at a slightly loW 
frequency on the order of 10_4. Accordingly, to obtain the 
desired deletion strain ef?ciently, it is desirable to perform 
devices such as increasing the abundance ratio of the drug 
sensitive strain. Methods for enriching the drug-sensitive 
strain include, for example, an enrichment method based on 
the fact that penicillin antibiotics such as ampicillin bacteri 
cidally act on proliferating cells, but do not act on non-pro 
liferating cells (Methods in Molecular Genetics, Cold Spring 
Harbor Labs (1970)). For enrichment using ampicillin or the 
like, it is necessary to use a resistance gene to a drug bacte 
riostatically acting on host cells, such as chloramphenicol, as 
a drug resistance marker gene of a plasmid for introducing 
deletion. A resistant strain holding the drug resistance gene 
can proliferate in a suitable medium containing an appropri 
ate amount of such a drug having a bacterio static action, While 
a sensitive strain containing deletion of the drug resistance 
gene neither proliferates nor dies out. When the culture is 
performed by adding a suitable concentration of a penicillin 
antibiotic such as ampicillin under such conditions, the resis 
tant strain attempting to proliferate dies out, While the sensi 
tive strain does not undergo the action of ampicillin or the 
like. This results in an increased abundance ratio of the sen 
sitive strain. A culture solution Which has been subjected to 
such enrichment operation can be smeared and cultured on a 
suitable agar medium, folloWed by identifying the presence 
of resistance to the marker drug in colonies Which have 
appeared, using a replica method or the like to select the 
sensitive strain ef?ciently. 
A gene encoding a desired protein or polypeptide can be 

introduced into the host microorganism mutant strain, con 
structed by a method as described above, in Which at least one 
protease gene containing the Bacillus sublilis aprX gene or a 
gene corresponding thereto is deleted or inactivated to pro 
vide a recombinant microorganism of the present invention. 

Examples of the desired protein or polypeptide produced 
using the microorganism of the present invention include 
various industrial enZymes such as those used in detergents, 
foods, ?ber, feeds, chemical goods, medicine, and diagnosis, 
and proteins or polypeptides such as bioactive factors. 
Examples of industrial enZymes by function include oxi 
doreductases, transferases, hydrolases, lyases, isomerases, 
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8 
and ligases/synthetases; preferred examples thereof include 
genes for hydrolases such as cellulases, ot-amylases, and pro 
teases. Speci?c examples thereof include cellulases belong 
ing to the family 5 in Classi?cation of Polysaccharide Hydro 
lases (Biochem. 1., 280: 309 (1991)); there are exempli?ed, 
among others, by cellulases derived from microorganisms, 
particularly from bacteria of the genus Bacillus. More spe 
ci?c examples thereof include alkaline cellulase derived from 
bacteria of the genus Bacillus, containing the amino acid 
sequence represented by SEQ ID NO: 2 or 4, and an alkaline 
cellulase having the amino acid sequence in Which one or 
several amino acid residues are deleted, replaced, or added; 
there is further exempli?ed by a cellulase containing an 
amino acid sequence having a sequence identity of 70%, 
preferably 80%, more preferably 90% or more, still more 
preferably 95% or more, yet still more preferably 98% or 
more With the above amino acid sequence (SEQ ID NO: 2 or 

4). 
Examples of the ot-amylase include microorganism-de 

rived ot-amylases; particularly preferred are liquefying type 
amylases derived from bacteria of the genus Bacillus. More 
speci?c examples thereof include alkaline amylase derived 
frombacteria of the genus Bacillus, containing the amino acid 
sequence represented by SEQ ID NO: 61, and an amylase 
containing an amino acid sequence having a sequence iden 
tity of 70%, preferably 80%, more preferably 90% or more, 
still more preferably 95% or more, yet still more preferably 
98% or more With the amino acid sequence. In this respect, 
the identity of amino acid sequences is calculated by the 
Lipman-Pearson method (Science, 227: 1435, (1985)). Spe 
ci?c examples of the protease include serine or metal pro 
teases derived from microorganisms, particularly from bac 
teria of the genus Bacillus. 

In addition, examples of the protein produced by the 
present invention include bioactive proteins or enZymes 
derived from higher organisms such as human. Preferred 
examples thereof include interferon-0t, interferon-[3, groWth 
hormone, and salivary amylase. Some of domains or the like 
constituting a bioactive protein can also be expressed; 
examples thereof include the antigen recognition domain 
PreS2 of human anti-type C hepatitis virus antibody. 
Upstream of a desired protein or polypeptide gene, there is 

preferably properly linked at least one region selected from 
control regions involved in the transcription and translation of 
the gene and the secretion of a product thereof: a transcription 
initiation control region containing a promoter and a tran 
scription initiation point; a translation initiation control 
region containing a ribosome binding site and an initiating 
codon; and a secretion signal peptide-encoding region. More 
preferably, the three regions containing the transcription ini 
tiation control region, the translation initiation control region, 
and the secretion signal peptide-encoding region are linked. 
Still more preferably, to the desired protein or polypeptide, 
there are linked a secretion signal peptide-encoding region 
derived from a cellulase gene of bacteria of the genus Bacillus 
and transcription initiation control and translation initiation 
control regions located betWeen 0.6 and 1 kb upstream of the 
cellulase gene. By Way of example, to the structural gene of 
the desired protein or polypeptide, there are preferably prop 
erly linked the transcription initiation control region, transla 
tion initiation control region and secretion signal peptide 
encoding region of a cellulase gene derived from bacteria of 
the genus Bacillus as described in JP-A-2000-210081 and 
JP-A-04-190793 and so on, that is, the strain KSM-S237 
(deposited Apr. 14, 2003 under Accession Number FERM 
BP-7875 in International Patent Organism Depositary, 
National Institute of Advanced Industrial Science and Tech 
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nology located at Tsukuba Central 6, 1-1-1 Higashi, Tsukuba, 
Ibaraki, Japan (postal code: 305-8566)) and the strain KSM 
64 (deposited Apr. 14, 2003 underAccession Number FERM 
BP-2886 in International Patent Organism Depositary, 
National Institute of Advanced Industrial Science and Tech 
nology located at Tsukuba Central 6, 1-1-1 Higashi, Tsukuba, 
Ibaraki, Japan (postal code: 305-8566)). More speci?cally, to 
the structural gene of the desired protein or polypeptide, there 
are preferably properly linked the base sequence of the base 
no. 1 to 659 in the base sequence represented by SEQ ID NO: 
1, the base sequence of the base no. 1 to 696 in the cellulase 
gene comprising the base sequence represented by SEQ ID 
NO: 3, a DNA fragment comprising a base sequence having a 
sequence identity of 70% or more, preferably 80% or more, 
more preferably 90% or more, still more preferably 95% or 
more, yet still more preferably 98% or more With the base 
sequence (SEQ ID NO: 1 or 3), or a DNA fragment containing 
any one of the above base sequences, portions of Which are 
deleted. Here, the DNA fragment containing the above base 
sequence, a portion of Which is deleted, means a DNA frag 
ment containing the above base sequence, a portion of Which 
is deleted, but holding functions involved in the transcription 
and translation of the gene and the secretion of a product 
thereof. 

The DNA fragment containing a gene encoding a desired 
protein or polypeptide can be linked to a suitable plasmid 
vector, folloWed by causing the cell of a host microorganism 
to take up the resultant recombinant plasmid by a common 
transformation method to provide a recombinant microorgan 
ism of the present invention. A DNA fragment in Which the 
above DNA fragment is linked to a suitable region of the host 
microorganism’s genome, homologous thereto, can be also 
incorporated directly into the host microorganism’s genome 
to provide a recombinant microorganism of the present inven 
tion. 
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The production of a desired protein or polypeptide using a 

recombinant microorganism of the present invention may be 
performed by inoculating the microbial strain into a medium 
containing utiliZable carbon and nitrogen sources and other 
essential components, performing the culture using a conven 
tional microbial culture method, and, after the end of culture, 
collecting and purifying the protein or polypeptide. The com 
ponents and composition of the medium is not particularly 
limited; a medium containing maltose or maltooligosaccha 
ride is preferably used as a carbon source, Which provides 
better results. 

According to the above-described methods, a host micro 
organism mutant strain can be prepared containing deletion or 
inactivation of any one of the Bacillus sublilis genes shoWn in 
Table 1, or at least one gene selected from genes correspond 
ing to the these genes, and a recombinant microorganism can 
be constructed using the mutant strain. The use of the recom 
binant microorganism enables a useful protein orpolypeptide 
to be produced ef?ciently. 

EXAMPLES 

The Examples beloW speci?cally describe the folloWing: 
Construction of a microorganism containing deletion of total 
9 types of protease genes including the Bacillus sublilis aprX 
gene (BG12567), and production of cellulase or the antigen 
recognition domain PreS2 of human anti-type B hepatitis 
virus antibody using the microorganism as a host; Construc 
tion of a microorganism containing deletion of total 3 types of 
protease genes including the aprX gene (BG12567) in addi 
tion to the aprE gene (BG10190) and nprE gene (BG10448) 
encoding tWo major extracellular proteases, and production 
of the antigen recognition domain PreS2 of human anti-type 
B hepatitis virus antibody using the microorganism as a host. 

TABLE 2 

Primer Sequence SEQ ID NO: 

eprfwl 

eprUPr 

eprDNf 

eprrv-repU 

repUfw 

Cmrvl 

eprfw2 

Cmrv2 

repUr-CmU 

CmUf repU 

wprAfwl 

wprAUPr 

wprADNf 

wprArv-repU 

wprAfwZ 

mprfwl 

CTCCGGCAGAAAGGGCAT 5 

CGTTCAGCCGTACAACAAGTTTGCAAGACATG 6 

AACTTGTTGTACGGCTGAACGCCGTCAAACC '7 

CTGATCTCGACTTCGTTCAGACGGGTCGTACAATGGCTG 8 

GAACGAAGTCGAGATCAG 9 

GCTGTAATATAAAACCTTCT 

CGACACCATAGCTTTCTG 

AACTAACGGGGCAGGTTA 

AGAATCAATCCCATGGTCTCACTTTTCCACTTTTTGTCTTG 

GTGAGACCATGGGATTGATTCTAATGAAGAAAGCAGACAAG 

GGGTAATTTATCTGATAGGG 

CTTTTGCTTCCCACAACCGAGCTGAATTTTCTG 

CTCGGTTGTGGGAAGCAAAAGTTGTTGTTGAAAA 

CTGATCTCGACTTCGTTCATCCTCATTGAAGACGGCATC 

GGAACATATATGACACACCT 

TGTTTGGTGTTGAGCTGTT 
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TABLE 2 — cont inued 

Primer Sequence SEQ ID NO: 

aprXDNf TTTTCTGCGTTCACCATTTGTACCATAGAG 58 

aprXrv-repu CTGATCTCGACTTCGTTCTAACAACCTCACTTGGCAA 59 

aprXfwZ ATAGATCGGCGCCTGAAA 6O 

TAB LE 3 

For For For For For For For For For 
deleting deleting deleting deleting deleting Deleting deleting deleting deleting 
epr gene wprA gene rnpr gene nprB gene bpr gene nprE gene vpr gene aprE gene aprX gene 

eprfw1 wprAfwl rnprfwl nprBfwl bprfwl nprEfwl vprfwl aprEfwl aprXfwl 
eprUPr wprAUPr rnprUPr nprBUPr bprUPr nprEUPr vprUPr aprEUPr aprXUPr 
eprDNf wprADNf rnprDNf nprBDNf bprDNf nprEDNf vprDNf aprEDNf aprXDNf 
eprrv-repU wprArv-repU rnprrv-repU nprBrv-repU bprrv-repU nprErv-repU vprrv-repU aprErv-repu aprXrv-repu 
eprfw2 wprAfw2 rnprfw2 nprBfw2 bprfw2 nprEfw2 vprfw2 aprEfwZ aprXfwZ 
Cmrv2 Cmrv2 Cmrv2 Cmrv2 Cmrv2 Cmrv2 Cmrv2 Cmrv2 Cmrv2 
repufw repUfw repUfw repUfw repUfw repUfw repUfw repUfw repUfw 
Crnrvl Crnrvl Crnrvl Crnrvl Crnrvl Crnrvl Crnrvl Crnrvl Crnrvl 
repUr-CrnU repUr-CrnU repUr-CrnU repUr-CrnU repUr-CrnU repUr-CrnU repUr-CrnU repUr-CrnU repUr-CrnU 
CrnUf-repU CrnUf-repU CrnUf-repU CrnUf-repU CrnUf-repU CrnUf-repU CrnUf-repU CrnUf-repU CrnUf-repU 

Example 1 Example 2 

Construction of a Plasmid for Deleting the epr Gene 

Using as a template the genome DNA extracted from the 
Bacillus sublilis strain 168, a 0.6 kb fragment (A) adjacent 
upstream of the epr gene on the genome and a 0.5 kb fragment 
(B) adjacent downstream thereof were prepared employing 
the primer sets of eprfwl and eprUpr, and eprDNf and eprrv 
rep, respectively, as shown in Table 2. A 1.2 kb fragment (C) 
was also separately prepared in which the promoter region of 
the repU gene (Nucleic Acids Res. 17: 4410 (1989)) derived 
from the plasmid pUB1 10 (Plasmid 15: 93 (1986)) was linked 
upstream of a chloramphenicol resistance gene derived from 
the plasmid pC194 (J. Bacteriol. 150 (2): 815 (1982)). The 
resultant three fragments (A), (B), and (C) were then mixed 
and used as templates to perform SOE-PCR employing the 
primers eprfw2 and Cmrv2 in Table 2 to link the three frag 
ments so as to be in the order (A)-(B)-(C) to provide a 2.2 kb 
DNA fragment (see FIG. 2). The ends of this DNA fragment 
were blunted, 5'-phosphorylated, and inserted into the Smal 
restriction enzyme site of the plasmid pUC118 (Methods 
EnZymol. 153: 3 (1987)) to construct plasmid pUC118-Cm 
rAepr for deleting the epr gene. In this respect, the above 1.2 
kb fragment (C) was prepared by mixing and using as tem 
plates a 0.4 kb fragment (D) containing the repU gene pro 
moter region and a 0.8 kb fragment (E) containing a chloram 
phenicol resistance gene, followed by performing SOE-PCR 
employing the primers repUfw and Cmrv1 as shown in Table 
2. The fragment (D) was prepared using the primer set of 
repUfw and repUr-Cm (Table 2) and, as a template, the plas 
mid pUB110. The fragment (E) was prepared using the 
primer set of CmUf-rep and Cmrv1 (Table 2) and, as a tem 
plate, the plasmid pC194. 
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Construction of an epr Gene-Deleted Strain Using a 
Plasmid for Deletion 

The plasmid pUC118-CmrAepr for deleting the epr gene 
constructed in Example 1 was introduced into the Bacillus 
sublilis strain 168 by a competent cell transformation method 
(J. Bacteriol. 93: 1925 (1967)) and fused to the genome DNA 
by single crossover-mediated homologous recombination 
between corresponding regions upstream or downstream of 
the epr gene, followed by obtaining the transformant strain 
using chloramphenicol resistance as an indication. The result 
ant transforrnant strain was inoculated into an LB medium, 

cultured at 370 C. for 2 hours, and then again subjected to 
competence induction to induce intragenomic homologous 
recombination between the regions up stream or downstream 
of the epr genes present in duplicate on the genome. As shown 
in FIG. 2, when homologous recombination occurs in a region 
different from that into which the plasmid has been intro 
duced, the omission of the plasmid-derived chloramphenicol 
resistance gene and pUC118 vector region involves the dele 
tion of the epr gene. To increase the abundance ratio of a strain 
having become sensitive to chloramphenicol, an ampicillin 
enrichment operation was then carried out in the following 
manner. After inducing competent cells, the culture solution 
was inoculated into 1 mL of an LB medium containing a ?nal 
concentration of 5 ppm of chloramphenicol and a ?nal con 
centration of 100 ppm of ampicillin sodium so as to provide a 
turbidity (OD600) of 0.003 at 600 nm. The culture solution 
was cultured at 370 C. for 5 hours, to which 10 pL ofa 10,000 
ppm ampicillin sodium aqueous solution was then added, 
followed by culture for further 3 hours. After the end of 
culture, the cells were subjected to centrifugal washing with 
a 2% sodium chloride aqueous solution and then suspended in 
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1 mL of a 2% sodium chloride aqueous solution, followed by 
smearing 100 pL of the suspension on an LB agar medium. 
The smear Was incubated at 37° C. for about 15 hours; from 
strains having grown, a strain Was then selected Which had 
become sensitive to chloramphenicol With the omission of the 
plasmid region. Using the genome DNA of the selected strain 
as a template, PCR Was performed employing the primers 
eprfW2 and eprrv-rep as shoWn in Table 2 to identify the 
deletion of the epr gene to provide an epr gene-deleted strain. 

Example 3 

Construction of a Protease Genes Octuple-Deleted 
Strain 

With respect to the epr gene-deleted strain, the deletion of 
the WprA gene Was performed as the next deletion in the same 
Way as that for the epr gene deletion. Speci?cally, pUCll8 
CmrAWprA, a plasmid for deleting the WprA gene, Was con 
structed as described in Example 1, folloWed by the introduc 
tion of the constructed plasmid into the genome DNA and the 
subsequent deletion of the WprA gene through intragenomic 
homologous recombination to provide an epr gene-WprA 
gene double-deleted strain. The same operation Was subse 
quently repeated to delete the mpr, nprB, bpr, nprE, vpr and 
aprE genes sequentially. Finally, a protease genes octuple 
deleted strain containing deletion of the 8 types of genes Was 
constructed and designated as strain Kao8. The sequences of 
the primers used for the deletions are shoWn in Table 2; the 
correspondence is given in Table 3 betWeen each primer and 
the primer used for deleting the epr gene shoWn in Example 1 . 
SEQ ID N015 is the oligonucleotide as PCR sense primer 

designed from the nucleotide sequence of the 5'-?anking 
region of the Bacillus subtilis gene, epr; 
SEQ ID NO:6 is the oligonucleotide as PCR anti-sense 

primer designed from the nucleotide sequence of the Bacillus 
subtilis gene, epr; 
SEQ ID NO:7 is the oligonucleotide as PCR sense primer 

designed from the nucleotide sequence of the Bacillus subtilis 
gene, epr; 
SEQ ID NO:8 is the PCR anti-sense primer Which consists 

of a 3'-portion designed from the nucleotide sequence of the 
3'-?anking region of the Bacillus subtilis gene, epr and a 
5'-portion designed from the nucleotide sequence of plasmid 
pUB l l 0; 
SEQ ID NO:9 is the oligonucleotide as PCR sense primer 

designed from the nucleotide sequence of plasmid pUBl l0; 
SEQ ID NO: 10 is the PCR anti-sense primer designed from 

the nucleotide sequence of plasmid pCl 94; 
SEQ ID NO:1 l is the oligonucleotide as PCR sense primer 

designed from the nucleotide sequence of the 5'-?anking 
region of the Bacillus subtilis gene, epr; 
SEQ ID NO:l2 is the oligonucleotide as PCR anti-sense 

primer designed from the nucleotide sequence of plasmid 
pC l 94; 
SEQ ID NO:l3 is the PCR anti-sense primer Which con 

sists of a 3'-portion designed from the nucleotide sequence of 
plasmid pUBl l0 and a 5'-portion designed from the nucle 
otide sequence of plasmid pCl 94; 
SEQ ID NO:l4 is the PCR sense primer Which consists of 

a 3'-portion designed from the nucleotide sequence of plas 
mid pCl 94 and a 5'-portion designed from the nucleotide 
sequence of plasmid pUBl l0; 
SEQ ID NO: 1 5 is the oligonucleotide as PCR sense primer 

designed from the nucleotide sequence of the 5'-?anking 
region of the Bacillus subtilis gene, WprA; 
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1 6 
SEQ ID NO: 1 6 is the oligonucleotide as PCR anti-sense 

primer designed from the nucleotide sequence of the 5'-?ank 
ing region of the Bacillus subtilis gene, WprA; 
SEQ ID NO: 17 is the oligonucleotide as PCR sense primer 

designed from the nucleotide sequence of the Bacillus subtilis 
gene, WprA; 
SEQ ID NO:l8 is the PCR anti-sense primer Which con 

sists of a 3'-portion designed from the nucleotide sequence of 
the 3'-?anking region of the Bacillus subtilis gene, WprA and 
a 5'-portion designed from the nucleotide sequence of plas 
mid pUBl l0; 
SEQ ID NO: 1 9 is the oligonucleotide as PCR sense primer 

designed from the nucleotide sequence of the 5'-?anking 
region of the Bacillus subtilis gene, WprA; 
SEQ ID NO:20 is the oligonucleotide as PCR sense primer 

designed from the nucleotide sequence of the 5'-?anking 
region of the Bacillus subtilis gene, mpr; 
SEQ ID NO:2l is the oligonucleotide as PCR anti-sense 

primer designed from the nucleotide sequence of the Bacillus 
subtilis gene, mpr; 
SEQ ID NO:22 is the oligonucleotide as PCR sense primer 

designed from the nucleotide sequence of the Bacillus subtilis 
gene, mpr; 
SEQ ID NO:23 is the PCR anti-sense primer Which con 

sists of a 3'-portion designed from the nucleotide sequence of 
the 3'-?anking region of the Bacillus subtilis gene, mpr and a 
5'-portion designed from the nucleotide sequence of plasmid 
pUB l l 0; 
SEQ ID NO:24 is the oligonucleotide as PCR sense primer 

designed from the nucleotide sequence of the 5'-?anking 
region of the Bacillus subtilis gene, mpr; 
SEQ ID NO:25 is the oligonucleotide as PCR sense primer 

designed from the nucleotide sequence of the 5'-?anking 
region of the Bacillus subtilis gene, nprB; 
SEQ ID NO:26 is the oligonucleotide as PCR anti-sense 

primer designed from the nucleotide sequence of the Bacillus 
subtilis gene, nprB; 
SEQ ID NO:27 is the oligonucleotide as PCR sense primer 

designed from the nucleotide sequence of the Bacillus subtilis 
gene, nprB; 
SEQ ID NO:28 is the PCR anti-sense primer Which con 

sists of a 3'-portion designed from the nucleotide sequence of 
the 3'-?anking region of the Bacillus subtilis gene, nprB and 
a 5'-portion designed from the nucleotide sequence of plas 
mid pUBl l0; 
SEQ ID NO:29 is the oligonucleotide as PCR sense primer 

designed from the nucleotide sequence of the 5'-?anking 
region of the Bacillus subtilis gene, nprB; 
SEQ ID NO:30 is the oligonucleotide as PCR sense primer 

designed from the nucleotide sequence of the 5'-?anking 
region of the Bacillus subtilis gene, bpr; 
SEQ ID NO:3l is the oligonucleotide as PCR anti-sense 

primer designed from the nucleotide sequence of the Bacillus 
subtilis gene, bpr; 
SEQ ID NO:32 is the oligonucleotide as PCR sense primer 

designed from the nucleotide sequence of the Bacillus subtilis 
gene, bpr; 
SEQ ID NO:33 is the PCR anti-sense primer Which con 

sists of a 3'-portion designed from the nucleotide sequence of 
the 3'-?anking region of the Bacillus subtilis gene, bpr and a 
5'-portion designed from the nucleotide sequence of plasmid 
pUB l l 0; 
SEQ ID NO:34 is the oligonucleotide as PCR sense primer 

designed from the nucleotide sequence of the 5'-?anking 
region of the Bacillus subtilis gene, bpr; 
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SEQ ID NO:35 is the oligonucleotide as PCR sense primer 
designed from the nucleotide sequence of the 5'-?anking 
region of the Bacillus sublilis gene, nprE; 
SEQ ID NO:36 is the oligonucleotide as PCR anti-sense 

primer designed from the nucleotide sequence of the Bacillus 
sublilis gene, nprE; 
SEQ ID NO:37 is the oligonucleotide as PCR sense primer 

designed from the nucleotide sequence of the Bacillus sublilis 
gene, nprE; 
SEQ ID NO:38 is the PCR anti-sense primer Which con 

sists of a 3'-portion designed from the nucleotide sequence of 
the 3'-?anking region of the Bacillus subtilis gene, nprE and 
a 5'-portion designed from the nucleotide sequence of plas 
mid pUBl l0; 
SEQ ID NO:39 is the oligonucleotide as PCR sense primer 

designed from the nucleotide sequence of the 5'-?anking 
region of the Bacillus sublilis gene, nprE; 
SEQ ID NO:40 is the oligonucleotide as PCR sense primer 

designed from the nucleotide sequence of the 5'-?anking 
region of the Bacillus sublilis gene, vpr; 
SEQ ID NO:4l is the oligonucleotide as PCR anti-sense 

primer designed from the nucleotide sequence of the 5'-?ank 
ing region of the Bacillus sublilis gene, vpr; 
SEQ ID NO:42 is the oligonucleotide as PCR sense primer 

designed from the nucleotide sequence of the Bacillus sublilis 
gene, vpr; 
SEQ ID NO:43 is the oligonucleotide as PCR anti-sense 

primer Which consists of a 3'-portion designed from the 
nucleotide sequence of the 3'-?anking region of the 

Bacillus subtilis gene, vpr and a 5'-portion designed from 
the nucleotide sequence of plasmid pUBl l0; 
SEQ ID NO:44 is the oligonucleotide as PCR sense primer 

designed from the nucleotide sequence of the 5'-?anking 
region of the Bacillus sublilis gene, vpr; 
SEQ ID NO:45 is the oligonucleotide as PCR sense primer 

designed from the nucleotide sequence of the 5'-?anking 
region of the Bacillus sublilis gene, aprE; 
SEQ ID NO:46 is the oligonucleotide as PCR anti-sense 

primer designed from the nucleotide sequence of the Bacillus 
sublilis gene, aprE; 
SEQ ID NO:47 is the oligonucleotide as PCR sense primer 

designed from the nucleotide sequence of the Bacillus sublilis 
gene, aprE; 
SEQ ID NO:48 is the PCR anti-sense primer Which con 

sists of a 3'-portion designed from the nucleotide sequence of 
the 3'-?anking region of the Bacillus subtilis gene, aprE and a 
5'-portion designed from the nucleotide sequence of plasmid 
pUB l l 0; 
SEQ ID NO:49 is the oligonucleotide as PCR sense primer 

designed from the nucleotide sequence of the 5'-?anking 
region of the Bacillus sublilis gene, aprE; 
SEQ ID NO:50 is the oligonucleotide as PCR sense primer 

designed from the nucleotide sequence of the Bacillus sublilis 
gene, aprX; 
SEQ ID NO:51 is the PCR anti-sense primer Which con 

sists of a 3'-portion designed from the nucleotide sequence of 
the Bacillus sublilis gene, aprX and a 5'portion designed from 
the nucleotide sequence of plasmid pBluescript II SK(+); 
SEQ ID NO:52 is the oligonucleotide as PCR anti-sense 

primer designed from the nucleotide sequence of the Bacillus 
sublilis gene, aprX; 
SEQ ID NO:53 is the PCR anti-sense primer; its 3'-portion 

Was designed from the nucleotide sequence of the Bacillus 
sublilis gene, aprX and its 5'-portion Was designed from the 
nucleotide sequence of the plasmid pBluescript II SK(+); 
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SEQ ID NO: 54 is the oligonucleotide as PCR sense primer 

designed from the nucleotide sequence of plasmid pBlue 
script II SK(+); 
SEQ ID NO:55 is the oligonucleotide as PCR anti-sense 

primer designed from the nucleotide sequence of plasmid 
pBluescript II SK(+); 
SEQ ID NO: 56 is the oligonucleotide as PCR sense primer 

designed from the nucleotide sequence of the 5'-?anking 
region of the Bacillus sublilis gene, aprX; 

SEQ ID NO:57 is the oligonucleotide as PCR anti-sense 
primer designed from the nucleotide sequence of the Bacillus 
sublilis gene, aprX; 

SEQ ID NO: 58 is the oligonucleotide as PCR sense primer 
designed from the nucleotide sequence of the Bacillus sublilis 
gene, aprX; 
SEQ ID NO:59 is the oligonucleotide as PCR anti-sense 

primer Which consists of a 3'-portion designed from the 
nucleotide sequence of the 3'-?anking region of the Bacillus 
subtilis gene, aprX and a 5'-portion designed from the nucle 
otide sequence of plasmid pUBl l0; 
SEQ ID NO: 60 is the oligonucleotide as PCR sense primer 

designed from the nucleotide sequence of the 5'-?anking 
region of the Bacillus sublilis gene, aprX. 

Example 4 

Construction of an aprX Gene-Deleted Strain 

Replacement With a Spectinomycin Resistance Gene 

An aprX gene-deleted strain Was constructed by a double 
crossover method using a DNA fragment for introducing 
deletion prepared by a SOE (splicing by overlap extension) 
PCR method (Gene, 77: 61 (1989)). Using the primer sets of 
aprX+5F and aprX+563R, and aprX+775F and aprX+l320R 
shoWn in Table 2, a 5' terminal 558-bp fragment (F) contain 
ing the upstream of the aprX gene and a 3' terminal 545-bp 
fragment (G), respectively, Were prepared employing as a 
template the genome DNA extracted from the Bacillus sub 
Zilis strain 168. Also, a spectinomycin resistance gene region 
Was excised from the plasmid pDGl727 (Gene, 167: 335 
(1995)) at the BamHI and XhoI restriction enZyme cleavage 
points and inserted into the BamHI and XhoI restriction 
enZyme cleavage points of pBluescript II SK(+) (from Strat 
agene) to construct pBlueSPR. Using the DNA of the PBlue 
SPR as a template, the spectinomycin resistance gene region 
(H) Was ampli?ed employing the primer set of PB-Ml3-20 
and PB-Ml3Rev (Table 1). Using the DNA fragments of (F), 
(G), and (H) as templates, a DNA fragment in Which (E), (H), 
and (G) Were linked together in that order Was then prepared 
by an SOE-PCR method employing the primer set of aprX+ 
5F and aprX+ l 320R. Using the prepared DNA fragment, the 
Bacillus sublilis strain 168 Was transformed by a competent 
cell transformation method, folloWed by isolating as transfor 
mants colonies having groWn on an LB agar medium contain 
ing spectinomycin (100 ug/mL). The genome of the resultant 
transformant Was extracted to con?rm by PCR that the aprX 
gene Was deleted and replaced With the spectinomycin resis 
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tance gene. As described above, a strain containing deletion 
of the Bacillus sublilis aprX gene Was constructed and des 
ignated as strain A aprX(Sp). 

Example 5 

Construction of a Protease Genes Nonuple-Deleted 
Strain Containing Deletion of the aprX Gene 

Using the DNA fragment in Which (E), (H), and (G) Were 
linked together in that order as shoWn in Example 4, the 
protease genes octuple-deleted strain (Example 3, the strain 
Kao8) Was transformed by a competent cell transformation 
method, folloWed by isolating as transformants colonies hav 
ing groWn on an LB agar medium containing spectinomycin 
(100 ug/mL). The genome of the resultant transformant Was 
extracted to con?rm by PCR that the aprX gene Was deleted 
and replaced With the spectinomycin resistance gene. As 
described above, a strain containing deletion of the Bacillus 
sublilis aprX gene in addition to multiple deletion of the 8 
genes (aprE, nprB, nprE, bpr, vpr, mpr, epr, WprA) Was con 
structed and designated as strain Kao9. 

Example 6 

Zymogram Analysis of Protease from the Protease 
Genes Nonuple-Deleted Strain Containing Deletion 

of the aprX Gene 

The gene-deleted strains obtained in Examples 1 to 5 and, 
as a control, the Bacillus sublilis strain 168 Were each cul 
tured for 100 hours, and the culture solution Was centrifuged 
at 10,000 rpm for 5 minutes, folloWed by solubiliZing the 
supernatant to 1x sample buffer (62.5 mM Tris-HCl (pH 6.8), 
5% 2-mercaptoethanol, 2% SDS, 5% sucrose, 0.002% BPB 
(Bromophenol blue)) to make a sample for protease Zymog 
raphy. The sample Was subjected to 12% SDS-PAGE contain 
ing 0.1% gelatin Without boiling, then shaken in renaturation 
buffer (2.5% Triton X-100) at room temperature for 30 min 
utes, and further shaken in Zymogram developing buffer (50 
mM Tris-HCl (pH 8.5), 200 mM NaCl, 5 mM CaCl2, 0.02% 
Brij35) at room temperature for 30 minutes. The replacement 
With the Zymogram developing buffer Was again performed, 
folloWed by incubation at 37° C. for 12 hours before staining 
the gel With CBB (Coomassie stain solution). The Zymogram 
analysis of protease Was carried out by the foregoing method 
(FIG. 3). As a result, a protease activity band Was detected 
even in the octuple-deleted strain (strain Kao8) but disap 
peared in the aprX gene-deleted strain, demonstrating that the 
protease activity remaining in the strain Kao8 Was that of 
AprX. No protease activity band Was also detected in the 
protease genes (including aprX) nonuple-deleted strain 
(strain Kao9). 

Example 7 

Production of Alkaline Cellulase 

Into each of the gene-deleted strains obtained in Examples 
1 to 5 and, as a control, the Bacillus sublilis strain 168 Was 
introduced, by a protoplast transformation method, a recom 
binant plasmid, pHY-S237, in Which a fragment (3.1 kb) of an 
alkaline cellulase gene derived from the Bacillus sp. strain 
KSM-S237 (Japanese Patent Laid-Open No. 2000-210081, 
SEQ ID NO: 1) Was inserted into the BamHI restriction 
enZyme cleavage point of the shuttle vector pHY300PLK. 
The resultant strain Was subjected to shaking culture in 5 mL 
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of an LB medium overnight at 30° C., folloWed by inoculating 
0.03 mL of the culture solution into 30 mL of 2><L-maltose 
medium (2% tryptone, 1% yeast extract, 1% NaCl, 7.5% 
maltose, 7.5 ppm manganese sulfate 4- to 5-hydrate, 15 ppm 
tetracycline) before shaking culture at 30° C. for 4 days. After 
culture, an alkaline cellulase activity Was measured for the 
supernatant of the culture solution from Which microbial cells 
Were removed by centrifugation to determine the amount of 
alkaline cellulase secretion-produced extracellularly by the 
culture. As a result, as shoWn in Table 4, the use of each of the 
aprX gene-deleted strain AaprX(Sp) and the protease genes 
multiple-deleted strain Kao9 led to high secretory production 
of alkaline cellulase compared to that of the strain 168 (Wild 
type) as a control. 

TABLE 4 

Secretory production 
of alkaline cellulase 

Strain name Deleted protease gene (Relative value) 

Strain Kao9 aprE nprB nprE bpr vpr 113 
mpr epr WprA aprX 

Strain AaprX (Sp) aprX 108 
Strain 16 8 None 100 

Example 8 

Production of the Human Type B Hepatitis Virus 
Antigen Recognition Domain PreS2 Using the 

Strains Kao8 and Kao9 

A recombinant plasmid, pTUBE52-preS2 (Appl. Micro 
biol. Biotechnol., 40: 341 (1993)), Was introduced into the 
strains Kao8 and Kao9 obtained in Examples 3 and 5 by a 
conventional competent cell transformation method. The 
plasmid had an inserted DNA fragment (165 bp) in Which the 
fragment of the human type B hepatitis virus antigen recog 
nition domain PreS2 is linked doWnstream of the gene region 
encoding the N-terminal 522 amino acids of amylase derived 
from Bacillus sublilis. The resultant transformant strain Was 
subjected to shaking culture overnight at 30° C., folloWed by 
inoculating 0.03 mL of the culture solution into 30 mL of 
2><L-maltose medium (2% tryptone, 1% yeast extract, 1% 
NaCl, 7.5% maltose, 7.5 ppm manganese sulfate 4- to 5-hy 
drate, 15 ppm tetracycline) before shaking culture at 30° C. 
for 100 hours. After culture, cell bodies Were removed by 
centrifugation, folloWed by determining the mass of the amy 
lase-PreS2 protein in the resultant culture supernatant by 
Western blotting analysis using anti-PreS2 antibody (from 
Institute of Immunology Co., Ltd.). The culture supernatant 
Was ?rst solubiliZed into 1>< sample buffer (62.5 mM Tris-HCl 
(pH 6.8), 5% 2-mercaptoethanol, 2% SDS, 5% sucrose, 
0.002% BPB (Bromophenol blue)), subjected to 10% SDS 
PAGE, and then blotted on PVDF (polyvinyl di?uoridine 
membrane: from Immobilon; 0.45 pm pore siZe; from Milli 
pore). Anti-preS2 antibody (Hyb-5520: from Institute of 
Immunology Co., Ltd.) Was used as a primary antibody. A 
peroxidase-labeled anti-mouse IgG antibody (from Amer 
sham Pharmacia Biotech) Was used as a secondary antibody. 
Detection Was performed With an ECL Plus Western blotting 
reagent pack (RPN2124; from Amersham Pharmacia Bio 
tech). As a result, as shoWn in FIG. 4, an evidently intense 
amylase-PreS2 band Was detected for the protease genes 
nonuple-deleted strain (strain Kao9) compared to that for the 
octuple-deleted strain (strain Kao8), shoWing greatly 
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enhanced production of amylase-PreS2 due to deletion of 
aprX in the nonuple-deleted strain. 

Example 9 

Construction of a Strain Containing Deletion of the 
Three Genes aprE, nprE and aprX 

A microorganism Was constructed containing deletion of 

22 
Example 10 

Production of the Human Type B Hepatitis Virus 
Antigen Recognition Domain PreS2 Using the Strain 

Kao3 

As described in Example 8, pRUBE52-preS2, a plasmid 
for producing amylase-PreS2, Was introduced, by a conven 
tional competent cell transformation method, into the strain 

10 Kao3 obtained in Example 9 and, as a control, the Bacillus 
total 3 types of Protease genes’ the aprX gene as Well as the sublilis strain 168. The resultant transforrnant strain Was sub 
aPIE and nprE genes encodlng tWO malor eXHaPeHUIaI Pro‘ jected to shaking culture overnight at 300 C., folloWed by 
teases- PUC1 ls'cmrAaprEs a P12151111d for delenng the aprE inoculating 0.03 mL of the culture solution into 30 mL of 
gene, Was Constructed as descrlbed 1n Examples 1 and 2, 2><L-maltose medium (2% tryptone, 1% yeast extract, 1% 
folloWed by the introduction of the constructed plasmid into 15 Nacl, 7 _5% maltose, 7, 5 ppm manganese sulfate 4- to 5-hy 
the genome DNA of the Bacillus sublilis strain 168 and the drate, 15 ppm tetracycline) before shaking culture at 300 C. 
subsequent deletion of the aprE gene through intragenomic for 25 hours. After culture, cell bodies Were removed by 
homologous recombination to provide an aprE gene single- centrifugation, folloWed by determining the mass of the amy 
deleted strain.Aprotease genes triple-deleted strain contain- lase-PreS2 protein in the resultant culture supernatant by 
ing deletion of the aprE, nprE and aprX genes Was then 20 Western blotting analysis using anti-PreS2 antibody (from 
constructed as described in Example 3, and designated as Institute of Immunology Co., Ltd.). As shoWn in FIG. 5, an 
strain Kao3. In this respect, the correspondence is shoWn in amylase-PreS2 band, Which Was not observed for the strain 
Table 3 betWeen a primer used in deleting the aprX gene for 168 (Wild type) as a control, Was detected for the protease 
construction of the strain Kao3 and primers employed in genes triple-deleted strain, demonstrating enhanced produc 
deleting the other protease genes. tion of amylase-PreS2 in the triple-deleted strain. 

SEQUENCE LISTING 

<l60> NUMBER OF SEQ ID NOS: 61 

<21o> SEQ ID NO 1 
<211> LENGTH: 3150 

<212> TYPE: DNA 

<213> ORGANISM: Bacillus Sp. KSM-S237 
<22o> FEATURE: 

<221> NAME/KEY: cos 
<222> LOCATION: (573) . . (3044) 

<22o> FEATURE: 

<221> NAME/KEY: sigipeptide 
<222> LOCATION: (573) . . (659) 

<22o> FEATURE: 

<221> NAME/KEY: matipeptide 
<222> LOCATION: (660) . . () 

<4oo> SEQUENCE: 1 

gatttgccga tgcaacaggc ttatatttag aggaaatttc tttttaaatt gaatacggaa 6O 

taaaatcagg taaacaggtc ctgattttat ttttttgagt tttttagaga actgaagatt 120 

gaaataaaag tagaagacaa aggacataag aaaattgcat tagttttaat tatagaaaac 180 

gcctttttat aattatttat acctagaacg aaaatactgt ttcgaaagcg gtttactata 240 

aaaccttata ttccggctct tttttaaaac agggggtaaa aattcactct agtattctaa 300 

tttcaacatg ctataataaa tttgtaagac gcaatatgca tctctttttt tacgatatat 360 

gtaagcggtt aaccttgtgc tatatgccga tttaggaagg ggggtagatt gagtcaagta 420 

gtaataatat agataactta taagttgttg agaagcagga gagcatctgg gttactcaca 480 

agttttttta aaactttaac gaaagcactt tcggtaatgc ttatgaattt agctatttga 540 

ttcaattact ttaaaaatat ttaggaggta at atg atg tta aga aag aaa aca 593 
Met Met Leu Arg Lys Lys Thr 

- 2 5 

aag cag ttg att tct tcc att ctt att tta gtt tta ctt cta tct tta 641 

Lys Gln Leu Ile Ser Ser Ile Leu Ile Leu Val Leu Leu Leu Ser Leu 












































